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Abstract
This exploratory study investigated the relationship between vision obstructions from body pillars and lane-change crashes. The vision obstructions were quantified by measuring, from the driver's perspective, the horizontal angular sizes and locations of the driver-side A-, B-, and C-pillars.
The sample consisted of 21 vehicle models, including 13 passenger cars, 6 SUVs, 1 minivan, and 1 pickup truck. To control for driver differences, going-straight crashes were used for comparison, with the dependent variable being the ratio of lane-change crashes to going-straight crashes. The analysis used North Carolina crash data.
The results of a multiple regression indicate that the relative frequency of lanechange crashes tended to increase with both wider A-pillars and with A-pillars located farther away from straight ahead. This finding supports the hypothesis that visibility obstructions due to A-pillars have safety implications. However, a more comprehensive analysis would be needed to conclusively exclude other factors as potentially accounting for the obtained finding. 
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Introduction
Our previous study in this series examined the difference in the frequency of lanechange crashes between two-door and four-door body styles of the same vehicle models (Sivak, Schoettle, Reed, and Flannagan, 2005) . That study found that four-door vehicles are more likely to be involved in lane-change crashes than are two-door vehicles. We postulated that this effect was a consequence of the more critical obstruction of lateral visibility on the four-door models by the more forward location of the B-pillars.
The present study is an extension of the work in Sivak et al. (2005) . Specifically, As we discussed in Sivak et al. (2005) , a simple comparison of lane-change crashes of different vehicle models would likely be confounded by driver differences. These driver differences, in turn, are likely to influence the amount and type of driving exposure, as well as driving style (including risk taking). Therefore, as in Sivak et al. (2005), we used the frequency of crashes that involve going straight as a control because this type of crash should capture many of the driver differences and not be affected by lateral visibility.
Method Vehicles
The sample consisted of 21 vehicles, including 13 passenger cars, 6 SUVs, 1 minivan, and 1 pickup truck. The year, make, model, and body style information for each vehicle were verified using the vehicle identification number (VIN) reporting feature ("Vehicle History Report") in CARFAX (2006). The measured vehicles are listed in Table 1 .
Although each measured vehicle was of a specific model year, most vehicle models exist for several model years without significant design changes to the body or general structure of the vehicle. To determine the range of applicable model years for each measured vehicle, historical information about the duration of a specific model's design was obtained from Consumer Guide (2006) . The applicable model years that were used in this analysis are listed in the last column of Table 1 .
Crash database
We used Crash frequencies were then tabulated for the following crash-related vehicle maneuvers (variable 149): "changing lanes or merging" (vehicle maneuver code: 05), and "going straight ahead" (vehicle maneuver code: 04). 
Variables and analysis
The dependent variable was the ratio of the frequencies of lane-change crashes to going-straight crashes, calculated separately for each vehicle model. There were six predictor variables: the horizontal obstruction angles for the driver-side A-, B-, and Cpillars (the angles between the front and rear edges of the pillars from the driver's perspective), and the horizontal angles from straight ahead to the front edge of the pillars (again from the driver's perspective).
A backward multiple-regression analysis was used to relate the crash ratios to the amount of visual obstruction created by each of the three pillars on the driver side, and to the locations of each of these pillars within the driver's field of view.
Results
Descriptive statistics
The analyses were based on 1,250 lane-change crashes and 23,796 going-straight crashes. The means and ranges of the dependent and predictor variables are listed in Table 2 . Size of B-pillar (degrees) 9.9 16.7 20.2
Size of C-pillar (degrees) 1.6 4.4 8.9
Angle to A-pillar (degrees) 22.5 24.9 28.6
Angle to B-pillar (degrees) 112.4 122.5 141.9
Angle to C-pillar (degrees) 160.1 163.7 167.4
Predictor variables vs. ratio of lane-change to going-straight crashes
Using the backward regression method, a significant model emerged (F 2,18 = 4.23, p < 0.05, r 2 = .32, adjusted r 2 = .24). The significant predictor variables were the size of the A-pillar (standardized ß = .37) and the angle to the A-pillar (standardized ß = .35).
The directions of the significant effects were as expected, with both predictor variables being positively related to the crash ratio. Figures 1 and 2 
Interrelationships among the predictor variables
Pairwise correlations among the predictor variables were examined (see Table 3) to ascertain whether the two significant predictor variables (the size and location of the A-pillar) were highly correlated with the other four predictor variables. As is evident from Table 3 , these correlations were only low to moderate. The highest correlation involving the size of the A-pillar was .46 (with the size of the C-pillar); for the location of the A-pillar it was .33 (with the location of the C-pillar). 2 Table 3 Pearson product-moment correlations among the predictor variables. 
Vehicle type
We performed t-tests to evaluate the differences between passenger cars and other vehicles on the significant predictor variables and on the dependent variable. Although The results of the present study are supportive of the influence of A-pillars on lane-change crashes. Specifically, we found that lane-change crashes tended to increase with both wider A-pillars and with A-pillars located farther away from straight ahead.
Comparison to the previous study
In the previous study (Sivak et al., 2005) , we found four-door styles to be more likely to be involved in lane-change crashes than two-door styles. We suggested that the more forward location of the B-pillars on four-door models likely contributed to this effect.
In the present study, the location of the B-pillars was not a significant predictor of lane-change crashes. Although the reason for the difference is not entirely clear, it is possible that the variation in the locations of the B-pillars in Sivak at al. (2005) was greater than in the present study. This is a plausible explanation, because in the previous study we attempted to maximize the differences in the B-pillar locations by comparing four-and two-door styles of the same model vehicles. (However, we did not quantify the locations of B-pillars in that study.) In contrast, out of the 21 vehicles in the present study, there was only one two-door vehicle. The remaining vehicles were either fourdoor passenger cars, four-door SUVs, a four-door minivan, or a four-door pickup truck.
Limitations of the study
Controlling for driver differences. The dependent variable was the ratio of lanechange to going-straight crashes. This ratio was used in an attempt to control for driver differences among different model vehicles. The underlying rationale was that driver differences (in terms of exposure and driving style) equally affect both lane-change and going-straight crashes, but are unaffected by pillar obstructions. Both of these assumptions are likely to be violated to some degree.
Inferences from multiple regression.
Multiple regression simultaneously considers the influence of all predictor variables on the dependent variable. However, no causation can be directly inferred from the results of multiple regression. This is the case because the significant predictor variables from a regression could be related to true causative variables that were not entered into the regression. Consequently, the results of any multiple regression analysis, including the present one, need to be interpreted with caution.
Conclusions
The present results suggest that vision obstructions from A-pillars might play a role in lane-change crashes. This inference should be considered tentative, pending a more comprehensive analysis that would evaluate whether other factors could account for the observed pattern of results.
